We previously isolated and characterized TAS 14, an mRNA that is induced in tomato upon osmotic stress or abscisic acid (ABA) treatment and that shares expression and sequence characteristics with other dehydrin genes in different species. Affinity-purified antibodies against TAS 14 protein were used to study the expression of TAS 14 protein, both in seedlings and mature plants, its tissue distribution and its subcellular localization. TAS 14 protein was not detected in 4-day-old seedlings but accumulated after ABA, NaC1 or mannitol treatments. In NaCl-treated seedlings, some protein was detectable after 6 h of treatment and reached maximal levels between 24 and 48 h. Concentrations ranging from 5 to 12.5 g/1 NaC1 induced the protein to similar levels. In salt-stressed mature plants, TAS 14 was expressed abundantly and continuously in aerial parts, but only slightly and transiently in roots. Immunocytochemical analysis of salt-treated plants showed TAS 14 accumulated in adventitious root primordia and associated to the provascular and vascular tissues in stems and leaves. Immunogold electron microscopy localized TAS 14 protein both in the cytosol and in the nucleus, associated to the nucleolus and euchromatin. Since TAS 14 is a phosphoprotein in vivo, the classes of protein kinases potentially responsible for its in vivo phosphorylation were tested in in vitro phosphorylation assays. TAS14 protein was phosphorylated in vitro by both casein kinase II and cAMP-dependent protein kinase.
Introduction
One common approach to elucidating the molecular mechanisms of stress tolerance in plants is to identify and characterize genes that are induced under adverse environmental conditions. Following this approach, a continuously growing number of genes induced by water, osmotic or salt stress in different species have been described [reviewed in 6 and 41] . TAS 14 mRNA is induced in tomato seedlings and mature plants upon treatment with NaC1, ABA or mannitol [17] . TAS14 shows sequence similarities to other mRNAs from different species that are induced by ABA and different kinds of environmental stress, all of them involving
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water loss to some extent (i.e. desiccation, osmotic stress, salt stress and frost). All these related sequences define a general class of genes named dehydrins (dehydration-induced) by Close et al. [ 8 ] . Members of this group include leaD-11 from cotton [2, 14] , rabl7 from maize [47] , rabl6 from rice [26] , barley and pea dehydrins [8, 35] , dspl6 from Craterostigma plantagineum [30] , rab l 8 [24] and cor47 [15] in Arabidopsis thaliana, cor39 of wheat [18] and ECP40 of carrot [23] . Some of these genes were originally described as being expressed during late stages of embryogenesis, coinciding with desiccation of the seed, and down-regulated upon germination. A number of different genes with this same expression pattern have been characterized and grouped under the term lea, for 'late embryogenesis-abundant' [reviewed in 12]. Those classified as Group 2 lea i have sequence similarities to TAS14 and other [ dehydrins [ 13] .
A common characteristic among dehydrins and lea genes is that they can be induced experimentally by the exogenous application of ABA to inmature embryos or vegetative tissues. This observation, together with the increase in endogenous ABA that is known to occur in water-stressed tissues and the lack of stress induction in ABAdeficient or -insensitive mutants indicates that ABA is a necessary element in the cascade of events that leads from the stress perception to the induction of dehydrins [24, 31 ] .
Sequence similarities among different dehydrins delimit a discrete number of conserved domains, the most characteristic of which is a lysine-rich stretch that is predicted to form an amphipathic c~-helix and is found from once to many times within the protein [17, 24, 35] . Outside these conserved domains little similarity is found among these proteins.
Dehydrins seem to be widely represented; similar genes have been cloned from various monoand dicotyledoneous species and, moreover, proteins immunologically related to dehydrins accumulate in seeds of a variety of plant species, including gymnosperms [7] , and in response to osmotic stress in different cyanobacteria [9] .
Stress-induced dehydrin accumulation in young seedlings has been reported in various species [7] , extending the observations in embryos to early post-germination stages. Much less information is available, however, on their expression in mature plants, and this is mostly limited to the accumulation of mRNA in dehydrated detached organs. We have studied TAS 14 protein accumulation under different treatments, its distribution in salt-stressed plants, its subcellular location and its phosphorylation by different protein kinases. Our results may help to clarify the role of dehydrins in plant response to environmental stress.
Materials and methods

Plant material
Seeds of tomato (Lycopersicon esculentum) cv. Rutgers were germinated in darkness at 25 °C on moistened filter paper. After 4 days, the filter paper was partially dried and moistened with NaC1, mannitol or ABA solutions. After five days of treatment, roots and hypocotyls were harvested, immersed in liquid N> and stored at -80 °C until protein extraction. Tomato plants were grown in an aerated hydroponic system in 1/2 Hoagland's solution under a regime of 26 °C day/21 °C night and a photoperiod of 16 h. Once the plants were 8 weeks old, NaC1 solution was added directly to the hydroponic solution at a final concentration of 10 g/1. Roots, stems and leaves of treated plants were harvested at different times after the addition, immersed in liquid N2 and stored at -80 ° C.
Preparation of TAS14 antibodies
A 665 bp fragment (nucleotides 89-754) of TAS 14 cDNA clone [17] was subcloned into the Sma I/Pst I site of the pEX1 expression vector [43 ] and introduced into the Escherichia coli strain POP2136. Ten ml of LB broth, supplemented with 50 rag/1 ampicillin, was inoculated with a single colony and grown at 30 °C overnight. 800 ml of pre-warmed LB was inoculated with 8 ml of the overnight culture and shaken at 30 ° C. At an OD600 of 0.2, the expression of the fusion protein was induced by a temperature shift to 42 °C for 2 h. The cells were harvested by centrifugation and the insoluble proteins isolated [19] . Preimmune sera were collected from two male New Zealand white rabbits before subcutaneous injection with 150 mg of fusion protein emulsified in 0.5 ml 50~o complete Freund's adjuvant; after 3 and 6 weeks, booster injections with the same amount of fusion protein were administered in 50~o incomplete Freund's adjuvant. Polyclonal antisera were collected 10 days after each injection, separated from red cells by centrifugation at 10000xg for 20 min at 4 °C and precipitated with 50 ~o ammonium sulfate. To purify TAS 14-specific antibodies, the anti-/%galactosidase antibodies were removed by affinity cromatography in Sepharose 4B-/%galactosidase, and the eluted polyclonal pool was incubated with a nitrocellulose filter containing the fusion protein. The TAS14-specific antibodies were eluted with 0.1 M glycine pH 2.7 and immediately neutralized [27] .
Protein extraction and immunoblotting
Tissue samples were frozen and powdered under liquid nitrogen. After addition of extraction buffer (60 mM Tris-HC1 pH 6.8, 2~o SDS, 10~o glycerol, 5 ~o 2-mercaptoethanol, 1 mM phenylmethylsulfonyl fluoride) the mixture was incubated at 100 °C for 5 rain. The insoluble material was removed by centrifugation at 15000xg for 15 min. The proteins were quantified by a modified Lowry method [4] , separated on 15~o SDS-PAGE and electrophoretically transfered onto nitrocellulose filters according to Towbin et al. [45] . The blotted proteins were checked by Ponceau S staining. After blocking with 5 ~ w/v non-fat dry milk, 0.02~o sodium azide in TBS (20 mM Tris-HC1 pH 7.5, 150 mM NaC1), the filters were incubated at room temperature for 2 h with the primary antibody. Goat anti-rabbit IgGs conjugated to alkaline phosphatase were used as secondary antibodies and alkaline phosphatase ac-tivity was developed with nitroblue tetrazolium and 5-bromo-4-chloro-3-indolyl-phosphate as substrates.
Immunohistochemistry
Tissue samples were fixed in 4~o (v/v) paraformaldehyde in PB S buffer for 16 h at 4 ° C. The fixed tissues were dehydrated in a graded series of aqueous ethanol solutions followed by infiltrations with tertiary butanol and paraplast according to Schmeltzer et al. [38] . Sections of 8 #m thickness were cut with a Reichert microtome and placed on chromogelatin-coated microscope slides. Sections were deparaffinized in xylol and rehydratized in decreasing concentrations of ethanol, distilled water and TBS. Sections were blocked for 2 h at 37 °C in TBS buffer containing 1~o BSA and 0.05~o Tween-20, and then incubated in the same solution containing TAS 14-specific antibodies or preimmune serum. Unbound primary antibodies were removed by three washes (10 rain each) with the same solution. Tissue sections were incubated with alkaline phosphatase-conjugated goat anti-rabbit IgG for 2 h at 37 ° C. The reaction of alkaline phosphatase was developed with nitroblue tetrazolium and 5-bromo-4-chloro-3-indolyl-phosphate.
Immunogold electron microscopy
Materials used for this study were L. esculentum adventitious root meristematic cells under both physiological and saline stress conditions. Cells were fixed in a mixture of 4 ~o paraformaldehyde and 0.5~o glutaraldehyde in 0.1 M cacodylate buffer, pH 7.3, for 60 rain at 4 °C. They were washed in 0.1 M cacodylate buffer, pH 7.3, and incubated in 0.5 M NH4C1 for 4 h at room temperature to block free aldehyde groups. They were then washed in the same buffer again.
Low-temperature embedding with the hydrophilic resin Lowicryl K4M (Chemische Werke Lowi, Waldkraiburg, FRG) was performed according to the method described by Roth [37] , with the following modifications. Samples were dehydrated in a series of graded methanols at progressively lower temperatures. During infiltration with Lowicryl K4M at -20 ° C, 90 ~o methanol was used as the dehydration agent. Lowicryl was polymerized by indirect long-wave (360 nm) UV irradiation from a 15 W Philips fluorescent lamp for 24 h.
Ultrathin sections were cut on a Reicher-Jung Ultracut E ultramicrotome, mounted on 300-mesh gold or nickel grids and photographed in a Philips CM-10 transmission electron microscope (Servicio de Microscopia Electrdnica, University of Sevilla).
Grids were incubated by floating them, cell sections down, on a drop of 0.1 M PBS, pH 7.4, containing 1~o BSA, 0.05~o Triton X-100 and 0.05 ~o Tween 20 (PBTT), for 5 rain at room temperature, and washed in PBS. Incubation with TAS14 antibody was carried out overnight at room temperature. After washing in PB S, the second incubation was performed in protein A-gold complex prepared following Bendayan et al. [3] . Grids were washed with distilled water and contrasted with 2~o uranyl acetate in distilled water. Controls were performed with preimmune serum.
Morphometric and stereological analysis
This study was carried out on 30 images per cell compartment (euchromatin, heterochromatin and cytosol) chosen at random, taken from ultrathin immunolabelled sections. These images were digitalized, processed and analysed in the IMAGO automatic image analysis system (Servicio de Microscopla Electrdnica, University of Sevilla). The parameters measured were the number of gold particles per area unit (1 mm 2) in each cell compartment. Data were analysed statistically with the following programs written for the IBM computer consoles: nested analysis of variance, Student's t-test or, for non-homogeneous data, the Kolmogorov-Smirnov and the U-test. A statistical difference was considered when P<0.001.
In vitro phosphorylation assay
Fusion protein glutathione S-transferase-TAS 14 (pGT-TAS14) was obtained by subcloning a fragment of TAS 14 cDNA (89-754) in the vector pGEX-2T [42] . Synthesis of the fusion protein was induced in transformed bacteria by adding isopropylthio-/3-D-galactoside to 1 raM. A bacterial sonicate was prepared and incubated with glutathione-Sepharose. The glutathioneSepharose was then washed and bound proteins eluted with reduced glutathione. G S T-TAS 14 fusion protein was cleaved by thrombin and TAS 14 protein was separated from the glutathione S-transferase portion by glutathione-Sepharose affinity chromatography. Proteins were resolved by electrophoresis in a 10~o SDS-PAGE and visualized by Coomassie blue staining. Casein kinase II was purified from rat brain according to the method of Alcfizar et al. [1 ] . In vitro phosphorylation reactions were carried out with either 6 or 2 #g of purified TAS14 protein, for CK-II and cAMP-PK, respectively. The CK-II assay buffer for CK-II was 50 mM Tris-HC1 pH 7.5, 10 mM MgC12, 2 mM EGTA, 10 #M ATP and the reactions were incubated for 30 min at 37 °C in a total volume of 100 #1 of CK-II buffer containing 5 #Ci of [7-32P] ATP (30 Ci/mmol, Amersham) and 0.2 #g of poly-L-lysine. Incubation with cAMP-dependent protein kinase (Sigma, product P-2645) was carried out in 0.1 M mM Tris-HC1 pH 8.0, 10 mM MgCI2, 20~o glycerol, 10 #M ATP and 5 #Ci of [7-32p] ATP at 30 °C for 90 rain. The reactions were stopped by addition of electrophoresis sample buffer, and the products were resolved by SDS-PAGE and visualized by Coomassie blue staining and autoradiography.
Results
Western blot analysis of TAS14 expression
Antibodies against fl-galactosidase/TAS 14 fusion protein were generated in rabbits and purified by affinity chromatography as described in Material and methods. These antibodies were used to determine the distribution and abundance of TA S 14 polypeptide in different organs of seedlings and mature plants after various treatments.
Tomato seedlings were germinated in water for four days and then exposed to different treatments for 5 days. As shown in Fig. la , anti-TAS14 antibodies detected a set of distinct polypeptides of molecular masses ranging between 19 and 22 kDa that were present in radicles of tomato seedlings treated with mannitol, NaC1 or ABA but absent in untreated radicles. These bands are not different immunologically related polypeptides but different phosphorylated forms of TAS 14 protein. Proteins recognized by anti-TAS14 antibodies were previously identified in 2-D protein gels as a series of polypeptides differing in their isoelectric point, in vivo labelling with [32p]-phosphate and treatment with alkaline phosphatase showed that those polypeptides arise from phosphorylation of a single polypeptide [44] . As has been observed for other phosphoproteins, phosphorylation affects TAS 14 migration in SDS-PAGE and the different isoforms are resolved as bands with different relative mobility in monodimensional gels. 
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In order to estimate the relative contribution of osmotic and ionic components of salt stress to the expression of TAS 14, the relative abundance of the protein in seedlings treated with equiosmolar concentrations of mannitol or NaC1 were compared and found to be similar (Fig. la, lanes M  and S) , indicating that TAS 14 expression under salt stress is driven mainly by its osmotic component. The exogenous application of ABA did also induce TAS 14 protein accumulation (Fig. la, lane A) , as it did with TAS14 mRNA [17] , further supporting ABA's suggested role as an endogenous regulator of the stress-induced dehydrin expression.
Figure lb illustrates the time course of TAS 14 accumulation in radicles after transfer of the seedlings to 10 g/1 of NaC1. TAS 14 polypeptides were detected even after 6 h of salt treatment, the earliest time point tested, and its levels peaked by 24 h, remained high after 48 h, and decreased with longer treatments. The accumulation of the protein under different NaC1 concentrations was also studied; TAS 14 polypeptides accumulated in radicles of seedlings treated for 5 days with NaC1 concentrations ranging from 5 to 12.5 g/1. No significant quantitative differences in the level of TAS14 protein were observed when comparing different NaC1 concentrations, except fbr the relative lower levels under 12.5 g/1 (Fig. 1C) . The most severe treatments resulted in the appearance of damage symptoms in the seedlings and induced relatively low levels of TAS 14. Similar patterns and lower levels of TAS 14 were observed in hypocotyls (data not shown).
Lea proteins accumulate in the dried mature seed and they gradually disappear during germination [12] . As expected, anti-TAS 14 antibodies detected a similar set of polypeptides in dried tomato seeds (data not shown), but in none of these experiments could TAS14 be detected in untreated 4 day-old or older seedlings, indicating that by this time protein from the seed had completely disappeared.
We have also investigated TAS14 expression beyond the seedling stage. Figure ld shows salt stress-induced TAS 14 protein in 8-week-old hydroponically grown tomato plants. Plants were stressed by the addition of NaC1 to the hydroponic solution to a final concentration of 10 g/1. TAS 14 was not detected in untreated plants, but it accumulated in stems and leaves of salt-stressed plants. Levels [ 17] ; these data suggest that TAS 14 gene expression may be regulated at a translational level in this organ, although a rapid turnover of the protein cannot be discarded. TAS 14 protein with the provascular and vascular tissue; immunostain was also observed in outer cells of the cortex at some distance form the apex (Fig. 2B) . In young developing leaves TAS 14 accumulation was observed throughout the middle cell layers, continuously extending across the lamina into the differentiating vein of the midrib (Fig. 2C) . In older leaves, the middle layer of mesophyll cells showed a weaker staining, while the veins and parenchyma cells in the abaxial region of the midrib were clearly stained by the antibody (Fig. 2D ). Sections incubated with preimmune serum were essentially-free of signal except for the staining of floral organ primordia with the same intensity as that observed in sections incubated with anti-TAS 14 (data not shown). The significance of this stain remains thus unclear.
Immunolocalization of TASI 4 protein in tissue sections
To further delimit the pattern of TAS 14 protein accumulation, affinity-purified antibodies were used to study the tissue distribution of TAS14 protein in salt-stressed plants. Eight-week-old plants were treated for seven days with 10 g/l NaC1 in the hydroponic solution. Tissue sections were incubated with anti-TAS14 antibodies and immunocomplexes were detected with secondary antibodies conjugated to alkaline phosphatase. Results of these experiments are shown in Fig. 2 . Transverse sections of stems across the lowest internode showed strong accumulation of TAS 14 protein in developing adventitious root primordia ( Fig. 2A) . A weaker non-homogenous staining was ocas sionally observed in cortical cells in these same sections (data not shown). Longitudinal sections through the shoot tip of salt-stressed tomato plants revealed a striking association of
Subcellular localization of TAS14 protein
Since highest expression of TAS 14 protein was observed in developing adventitious root primordia, this was the material selected to study the subcellular distribution of TAS 14 protein in saltstressed cells. Immunoelectron localization with specific TAS 14 antibodies and labelling with protein A-gold revealed the presence of TAS 14 protein in the nucleus and the cytosol (Fig. 3A) . Gold particles were associated to the nuclear and nucleolar chromatin (Fig. 3A and 3B ), preferentially to euchromatin where the number of gold particles was four-fold higher than in heterochromatin. Most of the labelling of the heterochromatin was localized over its periphery (Fig. 3C) . Immunolabelling of cytoplasm was not associated to any particular organelle, but was localized mainly in the cytosol (Fig. 3C) . Cell walls and cytoplasmic vacuoles of every cell examined were devoid of gold particles. Quantitative analysis showed potypeptide shows an apparent molecular weight higher than that deduced from its sequence due to its anomalous migration in SDS-PAGE [17, 44] .
that the relative number of gold particles within the nucleus was two-fold higher than in the cytosol ( Table 1) . Sections of cells of adventitious meristems from untreated tomato plants (Fig. 3D ) and those incubated with preimmune serum (data not shown) were essentially free of labelling. between bipartite nuclear localization signals of the proteins TASI4 [ 17] ; p53 [49] ; nucleoplasmine (Ncplm) [ 11] ; topoisomerase I (Topol) [10] ; SV40 T-antigen [22] ; c-Rel [48] ; RAD7 [29] by these kinases, a glutathione S-transferase/ TAS14 fusion protein (GST-TAS14) was produced in bacteria ( Figure 5A ). The recombinant TAS14 peptide was purified after cleavage of GST-TAS 14 with thrombin and used as substrate for phosphorylation in the presence of [7-32p] ATP and rat brain CK-II or bovine heart cAMP-PK. Proteins were resolved by SDS-PAGE and detected by autoradiography. As shown in Fig. 4B (lanes 3 and 4) , TAS 14 protein was phosphorylated in vitro by both CK-II and cAMP-PK. No incorporation of radioactivity into TAS 14 was observed in the absence of enzymes (Fig. 4B, lane 2) . Furthermore, phosphorylation of GST was never observed in experiments in which the trombin-digested fusion protein was used as substrate (data not shown), indicating that phosphorylation was specific to TAS 14 and excluding possible in vitro artefacts.
Discussion
TAS14 accumulates upon osmotic and ABA treatments in seedlings and in aerial parts of salt-stressed plants.
We have obtained antibodies against TAS 14 gene product and used them to investigate the distribution of the protein in stressed seedlings and plants at the organ, tissue and cell levels. The accumulation of homologous proteins during the late stages of embryogenesis when the seeds desiccate has been documented in different species [ 12] . In some cases, dehydrins have been shown to accumulate upon dehydration or osmotic treatment at the seedling stage [5, 7, 8] . On the contrary, expression of these genes in post-seedling stages is poorly documented and most of the data available are at the level of mRNA; the sole exception known to us is the desiccation-induced accumulation of dsp 16 protein in C. plantagineum, a dehydration-tolerant species [39] . Thus, it was interesting to investigate the expression of TAS 14 protein both at seedling and post-seedling stages and in a plant that it is not tolerant to dehydration.
Our results agree with the reported accumulation of dehydrins in water-stressed seedlings of various species and with our own results showing TAS 14 mRNA accumulation. Osmotic, salt and ABA treatments were all able to induce the accumulation of TAS 14 protein. No differences were observed in the abundance of the protein in seedlings treated with equiosmolar concentrations of mannitol or NaC1; this was despite the higher mRNA levels found in the latter case [ 17] . Accumulation upon salt treatment was relatively fast and stable and occurred under a range of salt concentrations; little difference was observed in the protein levels attained under different NaC1 concentrations.
Inducibility by ABA is a feature of a subset of dehydration-induced genes. There is, though, at least one case in which ABA induction of a dehydration-induced mRNA was not accompanied by the accumulation of the corresponding protein: while leaves of NaCl-treated plants accumulated high levels of both osmotin mRNA and protein, only mRNA was detected in ABAtreated leaves [25] . Our results show TAS 14 protein accumulation in ABA-treated seedlings, and this identifies TAS 14 as an ABA-responsive gene. Whether its induction by stress requires ABA is not known, although data from other species suggest that it could: TAS 14 homologue rab17 and cor47 are not induced by stress in ABA-deficient or insensitive mutants of maize [ 31] and Arab# dopsis [24] , respectively.
Although TA S 14 protein accumulated in stems and leaves of salt-treated plants, only a low and transient expression was detected in roots. The low levels of protein detected in roots after 24 h of treatment did not correspond to previously reported levels of mRNA, which were similar to those found in leaves [17] ; these data indicate a possible translational regulation of TAS14 expression in this organ. Interestingly, a similar discrepancy between mRNA and protein levels has also been found for a 23 kDa dehydrin in dehydrated pea seedlings roots [35] . In addition, the lack of significant accumulation of TAS14 protein in roots of mature plants contrasts with its relative abundance in roots of salt-stressed seedlings. A similar divergence between results for younger and older seedlings has been described for the drought induction of HVA1, a group 3 lea gene, in leaves of barley plants: expression was detected in all tissues of drought-stressed 3-dayold seedlings but the induction decreased dramatically in the leaf of 7-day-old plants [21] . These results suggest the existence of a developmental stage-dependent, organ-specific control of the expression of dehydrins and other lea proteins; in the case of TAS 14 and other dehydrins, this may be accomplished in part through translational regulation.
Tissue-specific expression of TASI 4 in salt-stressed plants
Immunolocalization of TAS 14 protein revealed a distinct pattern of expression of this protein in salt-stressed plant tissues. TAS14 protein was found in the provascular tissue in apical parts of the shoot, in adventitious root primordia and in differentiated cortical cells of the stems and leaves. An interesting pattern was found in developing leaves, where stain was observed in the middle cell layers all across the young primordia, being progressively restricted to differentiating veins as development progresses. Although a clear accumulation of TAS14 was observed in meristematic cells in the adventitious root primordia, only a weak signal was observed in both floral meristems and axillary shoot meristems close to the shoot tip. It is unknown whether this specificity is related to organ identity or other developmental cues or rather to the relative position along the shoot. Overall, the observed pattern of TAS 14 accumulation indicate that, although expression of TAS 14 is determined by environmental factors, it is further restricted and elaborated according to developmental and tissue-specific factors. One unaddressed point is to what extent the observed tissue specificity and spatial distribution of TAS14 product relates to ABA, i.e. whether the observed pattern is derived from the superposition of the patterns of ABA accumulation and cellular sensitivity to the hormone. Un-1931 fortunately, little information is available on the spatial or tissue distribution of ABA in stressed plants or on the sensitivity of different tissues to this hormone. Some insight into the molecular mechanisms involved in this complex regulation should come from the analysis of TAS14 promoter, currently under investigation.
The distinct pattern of tissue distribution of TAS 14 in salt-stressed plants contrasts with the more uniform distribution reported for maize Rabl7 [16] and other unrelated Lea proteins in embryos [36] . This fact, together with the agedependent organ specificity discussed above, indicates a progressive restriction of the expression of these genes upon germination and further development that may reflect a phase shift from embryonic to vegetative gene expression programmes.
Homogenous accumulation of dspl6 was also observed in dehydrating roots and leaves of desiccation-tolerant C. plantagineum [39] . It is undetermined whether this difference is derived from the different treatments employed or it is really species-specific.
TAS14 accumulates in the nucleus and the cytosol
Results from immunogold electron microscopy showed TAS 14 protein located in the nucleus and the cytosol. This is demonstrated here for adventitious meristem cells but it seems to be true for provascular cells as well, as judged from the highmagnification analysis of the optical microscopy immunolocalizations.
Proteins smaller than 40 to 60 kDa are thought to diffuse through the nuclear pore, but many proteins, small ones included, require at least one nuclear localization signal (NLS) for nuclear transport [reviewed in 33] . Among the several categories of NLSs recognized, the bipartite NLS consists of two basic regions separated by a variable number of spacer amino acids. A sequence matching that pattern can be recognized in TAS 14 sequence (Fig. 5A and 5B). Determining whether this sequence is responsible for the nuclear location of TAS 14 would need further investigation.
Most interesting is the fact that TAS 14 was found associated with transcriptionally active regions of the nucleus: the nucleolus and the euchromatin. This location suggests that TAS14 function may be related to transcription. Still a significant proportion of TAS14 protein was found in the cytosol, not associated with any organelle. We do not know whether cytosolic TAS14 is active in this compartment or it represents protein still to be transported to the nucleus.
The electromicroscopic evidence presented in this paper definitively demonstrate the nuclear location of a dehydrin protein. Our results are consistent with data from optical microscopy and fractionation experiments obtained for Rabl7 in maize embryos [16] . The identical location observed in embryos and stressed vegetative tissues further extends the analogies derived from sequence similarities and expression patterns, suggesting a common function in both cases. On the other hand, TAS 14 location differs from the cytosolic location suggested by cellular fractionation for rice Rab16 in leaves of ABA-treated plants [26] , and by immunoelectron microscopy for dsp 16 in Craterostigma dehydrated leaf cells [ 39] . The disparity of the data could indicate a distinct regulation of dehydrin transport to the nucleus under different treatments, or in different cell types, or the existence of different protein isoforms with different localizations.
TASI 4 protein is phosphorylated in vitro by casein kinase H and cAMP-dependent protein kinase
The sequence of TAS 14 protein contains a cluster of serines followed by aspartic and glutamic residues that originate several motives recognizable by casein kinase-II, and the sequence RRSDS that could serve as substrate for phosphorylation by cAMP-dependent protein kinase (Fig. 5A) . We previously reported that TAS14 protein is phosphorylated in vivo and several phosphorylated forms can be resolved by twodimensional gel electrophoresis [44] . Data presented in this paper show that TAS 14 is a substrate for in vitro phosphorylation by both rat brain CK-II and bovine heart cAMP-dependent protein kinase. Although the role of CK-II phosphorylation of TAS 14 remains unknown, it may be related to its nuclear localization. Many CK-II substrates are nuclear proteins such as oncogenes Myc, Myb, and fos, the tumour suppressor p53, the SV40 large T antigen, RNA and DNA polymerases, high-mobility group proteins and topoisomerases [46] . Moreover, the position of the putative CK-II phosphorylation sites, flanking the nuclear localization signals (Fig. 5A) , opens the possibility that the level of phosphorylation regulates the rate of TAS14 transport to nucleus, as has been shown for SV40 T-antigen [34] . Interestingly, the most phosphorylated forms of rab17 were relatively more abundant in the cytosol than in the nucleus [16] .
On the other hand, the functional role of TAS 14 phosphorylation may be related to inter-or intramolecular interactions. The putative phosphorylation sites are adjacent to the first of the two predicted amphipathic e-helices that are characteristic of this group of proteins (Fig. 5A ). This fact suggests that the level of phosphorylation could regulate the potential interactions occurring through the hydrophobic faces of the helices in the same molecule or with hydrophobic surfaces in different molecules. In vitro interaction of rab 17 with NLS synthetic peptides has recently been shown and found to be dependent on the phosphorylation status of the protein [16] .
While phosphorylation by CK-II was previously shown for the maize homologous protein Rab 17 [ 32 ] , in vitro phosphorylation of dehydrins by cAMP-PK is reported here for the first time. These different protein kinases could be phosphorylating TAS 14 under different developmental or environmental factors and/or they may affect different aspects of TAS 14 function.
It is interesting to note that a whole series of different phosphorylated forms coexist in saltstressed plants. Determination of the relative abundance of the different forms in different tissues or under different treatments may indicate a functional role of TAS 14 phosphorylation.
